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(54) SEMICONDUCTOR LASER DEVICE 

(57)Abstract: 

PURPOSE: To provide a semiconductor laser device 
wherein the concentration of carrier to be injected in a 
multiple quantum well active layer is increased without 
changing optical confinement coefficients. 
CONSTITUTION: In an S-MGW active layer 3, a barrier 
layer B1 close to the P side is thinned, and a barrier 
layer B3 close to the N side is thickened. Thereby the 
concentration of holes to be injected in the S-MQW 
active layer 3 is increased, without changing the total 
thickness of the S-MQW active layer 3 and the total 
thickness of well layers Wl, W2, W3, W4. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A semiconductor laser device, wherein two or more well layer and two or more barrier 
layers make hole concentration of a well layer by the side of n in said active layer increase in a 
semiconductor laser device which has an active layer of multiple quantum well structure which it 
comes to laminate by turns. 

[Claim 2]A semiconductor laser device setting up thickness of a barrier layer in said active layer 
so that concentration of a hole poured into said active layer may become high in a 
semiconductor laser device with which two or more well layer and two or more barrier layers 
have an active layer of multiple quantum well structure which it comes to laminate by turns. 
[Claim 3]In a semiconductor laser device with which two or more well layer and two or more 
barrier layers arrange an active layer of multiple quantum well structure which it comes to 
laminate by turns between a n type clad layer and p form cladding layer, A semiconductor laser 
device forming more thinly than thickness of a barrier layer by the side of said n type clad layer 
thickness of a barrier layer by the side of said p form cladding layer. 

[Claim 4]The semiconductor laser device according to claim 3 making it decrease and increase, 
respectively so that thickness of a barrier layer of a predetermined number by the side of said p 
form cladding layer and thickness of a barrier layer of a predetermined number by the side of a n 
type clad layer may be complemented mutually. 

[Claim 5]The semiconductor laser device according to claim 3 having applied to a barrier layer 
nearest to said n type clad layer from a barrier layer nearest to said p form cladding layer, and 
making thickness increase gradually. 

[Claim 6]The semiconductor laser device according to claim 3 which said two or more well layers 
consist of InGaAsP(s), and said two or more barrier layers consist of InGaAsP(s), and is 
characterized by a band gap of InGaAsP of said barrier layer being larger than a band gap of said 
well layer. 

[Claim 7]The semiconductor laser device according to claim 3 which said two or more well layers 
consist of InP(s) (aluminunr^Ga^), and said two or more barrier layers consist of InP(s) 

(aluminumyGa^y), and is characterized by being 1>y>x>0. 

[Claim 8]The semiconductor laser device according to claim 3 which said two or more well layers 
consist of aluminum x Ga 1-x As, and said two or more barrier layers consist of aluminuiriyGa^y As, 

and is characterized by being 1>y>x>0. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the semiconductor laser device which has an 

active layer of multiple quantum well structure. 

[0002] 

[Description of the Prior Art]These days, the semiconductor laser device which has an active 
layer of multiple quantum well structure (hereafter referred to as MQW) is developed for the 
purpose, such as reduction of oscillation threshold current, an improvement of temperature 
characteristics, and short wavelength formation of an oscillation wavelength. In order to reduce 
oscillation threshold current, the semiconductor laser device which has an active layer of 
distorted multiple quantum well structure (it is hereafter called S-MQW) is proposed. 
[0003] Drawing 6 is an energy band figure of S-MQW active layer in the conventional InGaAsP 
system semiconductor laser device. 

[0004]As shown in drawing 6 , the four well layers W1, W2, W3, W4 and the three barrier layers 
B1, B-2, and B3 are laminated by turns, and S-MQW active layer 30 becomes. The band gap Eg 
consists of InGaAsP which is 0.76 eV, and the well layers W1-W4 have a thickness of 35 A, 
respectively. These well layers W1-W4 have +1.0% of distortion to a GaAs substrate. On the 
other hand, the band gap Eg consists of InGaAsP which is 1.03 eV t and the barrier layers B1-B3 
have a thickness of 90 A, respectively. Thereby, the thickness of whole S-MQW active layer 30 
is 410 A. The 1800-A-thick light guide layer is provided in the n [ of this MQW active layer 30 ], 
and p side, respectively. 

[0005] Drawing 7 is an energy band figure of S-MQW active layer in the conventional AIGalnP 
system semiconductor laser device, and a multi-quantum barrier layer (it is hereafter called an 
MQB layer). 

[0006]As shown in drawing 7 , the five well layers w1, w2, w3, w4, w5 and the four barrier layers 
b1, b2 t b3, and b4 are laminated by turns, and S-MQW active layer 31 becomes. The well layers 
w1-w5 consist of GalnP(s), and have a thickness of 75 A, respectively. These well layers w1-w5 
have -0.5% of distortion to a GaAs substrate. The barrier layers b1-b4 consist of InP(s) 
(aluminum 0 5 Ga Q 5 ) t and have a thickness of 40 A, respectively. Thereby, the thickness of whole 

S-MQW active layer 31 is 535 A. The 500-A-thick light guide layer is provided in the n [ of S- 
MQW active layer 31 ], and p side, respectively. 

[0007]The MQB layer is introduced into the p side of S-MQW active layer 31 in order to make 
the hetero barrier height high effectually. It comes by turns to laminate the barrier layer which 
consists of a well layer which MQB layer 32 turns into from ten pairs of Ga 05 In Q5 P, and 

(aluminum 0 ? Ga 0 3 ) 0 5 In Q 5 P. 

[0008] 

[Problem(s) to be Solved by the Invention]In the InGaAsP system semiconductor laser device 
which has multiple quantum well structure as shown in drawing 6 , the barrier layer B1, B-2, and 
Hall mobility mu H of B3 become small compared with the well layer W1, W2, W3, and Hall mobility 



mu H of W4. Therefore, when a hole passes a barrier layer from the p side and is poured into each 

well layer, the number of the holes poured into each well layer decreases as a well layer far from 
the p side. Thereby, the hole concentration of the well layer near the n side decreases compared 
with the hole concentration of the well layer near the p side. 

[0009]In the AIGalnP system semiconductor laser device which has multiple quantum well 
structure as shown in drawing 7 , Al composition x (x= 0.5) of the barrier layer of S-MQW active 
layer 31 is larger than Al composition x (x= 0) of a well layer. And Hall mobility mu H becomes 

small, so that Al composition x is large. 

[0010]Therefore, also in the semiconductor laser device of an AIGalnP system of drawing 7 , the 
problem that hole concentration decreases as the well layer near the n side arises like the 
InGaAsP system semiconductor laser device of drawing 6 . 

[0011]Thus, if the hole concentration of the whole active layer decreases when the hole 
concentration of the well layer near the n side decreases, increase in a profit and reduction of 
threshold current cannot be aimed at. 

[0012]Then, although making thickness of each barrier layer thin is also considered, since the 
thickness of the whole active layer becomes thin in such a case, an optical confinement factor 
(light energy shut up by the light-emitting part among all the light energies comparatively) will 
change. Therefore, to make the hole concentration of each well layer in an active layer increase 
is desired, without changing the thickness of the whole active layer, the number of well layers, 
and the thickness of the sum total of a well layer. 

[0013]So, the purpose of this invention is to provide the semiconductor laser device with which 
the profit increased and oscillation threshold current was reduced by making the concentration 
of the hole poured into a multiplex quantum well active layer increase, without changing an 
optical confinement factor. 
[0014] 

[Means for Solving the Problem]A semiconductor laser device concerning this invention makes 
hole concentration of a well layer by the side of n in an active layer increase in a semiconductor 
laser device with which two or more well layer and two or more barrier layers have an active 
layer of multiple quantum well structure which it comes to laminate by turns. 
[0015]Thickness of a barrier layer in an active layer may be set up so that concentration of a 
hole poured into an active layer may become high. Preferably, thickness of a barrier layer by the 
side of p form cladding layer is formed more thinly than thickness by the side of a n type clad 
layer. 

[001 6]It may be made to decrease and increase, respectively so that thickness of a barrier layer 
of a predetermined number by the side of p form cladding layer and thickness of a barrier layer 
of a predetermined number by the side of a n type clad layer may be complemented mutually. It 
may apply to a barrier layer nearest to a n type clad layer from a barrier layer nearest to p form 
cladding layer, and thickness may be made to increase gradually. 

[0017]Two or more well layers may consist of InGaAsP(s), two or more barrier layers may also 
consist of InGaAsP(s), and a band gap of a barrier layer is larger than a band gap of a well layer. 
Two or more well layers may consist of InP(s) (aluminurr^Ga^), and two or more barrier layers 

may consist of InP(s) (aluminunriyGa^y) (1>y>x>0). Two or more well layers may consist of 

aluminum x Ga 1 _ x As, and two or more barrier layers may consist of aluminurriyGa^y As (1>y>x>0). 

[0018] 

[Function]In the semiconductor laser device concerning this invention, the hole concentration of 
the whole active layer is high by making the hole concentration of the well layer by the side of n 
in an active layer increase. 

[0019]Concentration of the hole which passes a barrier layer from the p side and is poured into a 
well layer can be made high, without changing the thickness of the whole active layer, the 
number of well layers, and the thickness of a well layer, when the thickness of the barrier layer in 
an active layer is adjusted. The concentration of the hole poured into the whole active layer 
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becomes high by that cause, without an optical confinement factor almost changing, and increase 
in a profit and reduction of threshold current are achieved. 

[0020]If thickness of the barrier layer near the p side is made thin compared with the thickness 
of the barrier layer near the n side, it will become easy to pass a barrier layer with the hole near 
the p side poured in from the p side, and the probability which reaches to the well layer near the 
n side will become high. On the other hand, since the electron poured in from the n side has big 
mobility compared with a hole, even if the thickness of the barrier layer near the n side becomes 
thick, the concentration of the electron poured into each well layer does not decrease. 
[0021] 

[Example]Hereafter, the example of this invention is described in detail, referring to drawings. 
[0022] Drawing 1 is a sectional view showing the structure of the InGaAsP system semiconductor 
laser device in the 1st example of this invention. 

[0023]In drawing 1 . The n-cladding layer 2 which consists of 0.5-micrometer-thick n-InP, S- 
MQW active layer 3 which has the structure shown in drawing 2 . the p-cladding layer 4 which 
consists of 2-micrometer-thick p-InP, and the p-cap layer 5 which consists of 0.2-micrometer- 
thick p-InGaAsP are formed on n-InP substrate 1. On the p-cap layer 5, the Si0 2 layer 6 is 

formed at the both sides of the field of the stripe shape of a center section, and the p electrode 
7 is formed in the upper surface. On the other hand, n electrode is formed in the undersurface of 
n-InP substrate 1. 

[0024]The energy band figure of S-MQW active layer 3 is shown in drawing 2 . As shown in the 
figure, the four well layers W1, W2, W3, W4 and the three barrier layers B1, B~2, and B3 are 
laminated by turns, and S-MQW active layer 3 becomes. The well layers W1-W4 consist of 
InGaAsP whose band gap Eg is 0.76 eV, and the barrier layers B1-B3 consist of InGaAsP whose 
band gap Eg is 1.03 eV. 

[0025]The well layers W1-W4 have same 35 A in thickness altogether, and have +1.0% of 
distortion to a GaAs substrate. On the other hand, as for the thickness of the barrier layer B1, 
the thickness of 90 A and the barrier layer B3 of the thickness of 130 A and barrier layer B-2 is 
50A. The thickness of whole S-MQW active layer 3 is 410 A, and is the same as that of the 
conventional example of drawing 6 . The 1800-A-thick light guide layer is provided in the n [ of 
S-MQW active layer 3 ], and p side, respectively. The light guide layer is not illustrated by 
drawing 1 . 

[0026] Drawing 3 is a figure showing the hole concentration of each well layer in S-MQW active 
layer 3 of drawing 2 as compared with a conventional example. 

[0027]The hole concentration of the well layer W1 of the 1st layer in this example serves as 

1ft O 

6.2x10 °cm , and is the same as that of a conventional example. The hole concentration of the 

well layer W2 of the two-layer eye in this example serves as abbreviation 6.09x10 18 cm~ 3 , and 

only deltaA is increasing it as compared with 6.0x10 18 cm" 3 of a conventional example. The hole 

concentration of well layer W3 of the 3rd layer in this example serves as 5.89x10 18 cm~ 3 , and 

only deltaB is increasing it as compared with 5.8x10 18 cm~ 3 of a conventional example. The hole 

concentration of the well layer W4 of the 4th layer in this example serves as 5.6x10 18 cm~ 3 and 
is the same as that of a conventional example. 

[0028]Thus, in the 1st example, thickness of B1 of the barrier layer near the p side is made thin, 
by thickening thickness of the barrier layer B3 near the n side, the well layer W2 of a two-layer 
eye and the hole concentration of well layer W3 of the 3rd layer increase, and the hole 
concentration of whole S-MQW active layer 3 is high. As a result, a profit increases and 
oscillation threshold current falls. Since the thickness of whole S-MQW active layer 3 and the 
thickness of the sum total of a well layer are the same as the conventional example of drawing 6 , 
an optical confinement factor becomes almost the same as a conventional example. 
[0029] Drawing 4 is a sectional view showing the structure of the AIGalnP system semiconductor 
laser device in the 2nd example of this invention. 

[0030]In drawing 4 , on n-GaAs substrate 11, The n-cladding layer 13 which consists of n-buffer 
layer 12 and n-(aluminum 07 Ga Q J 0f; In 0l -P which consists of n-Ga n ,-In n .P, and S-MQW active 



layer 14 which has the structure shown in drawing 5 are formed. The p-cladding layer 15 which 
consists of p-(aluminum 07 Ga 03 ) 0 5^ n 0 5 P on ^ ot ' 1 Sl( ^ es °f M OB layer 16 which has the structure 
shown in drawing 5 is formed on S-MQW active layer 14. The upper region of the p-cladding 
layer 15 serves as a ridge part of stripe shape. The p-contact layer 17 which consists of p- 
Ga 05 In Q5 P is formed on the p-cladding layer 15. 

[0031 ]The n-current block layer 18 which consists of n-GaAs is formed in the both sides of a 
ridge part, and the p-cap layer 19 which consists of p-GaAs is formed in the upper part The p 
electrode 20 which becomes the upper surface of the p-cap layer 19 from Au-Cr is formed, and 
the n electrode 21 which consists of Au-Sn-Cr is formed in the undersurface of n-GaAs 
substrate 1 1 . 

[0032]The energy band figure of S-MQW active layer 14 and MQB layer 16 is shown in drawing 
5. As shown in the figure, it comes to laminate the four barrier layers b1 which consist of the 
five well layers w1 which S-MQW active layer 14 turns into from GalnP, w2 T w3, w4, w5 f and 
(aluminum 05 Ga 05 ) InP(s) T b2, b3, and b4. 

[0033]The well layers w1-w5 have same 75 A in thickness altogether, and have -0.5% of 
distortion to a GaAs substrate. On the other hand, as for the thickness of 25 A and the barrier 
layer b2, the thickness of 35 A and the barrier layer b3 of the thickness of 35 A and the barrier 
layer b3 is [ thickness of the barrier layer b1 ] 45A. The thickness of whole S-MQW active layer 
14 will be 535 A, and is the same as that of the conventional example of drawing 7 . 
[0034]The 500-A-^hick light guide layer is provided in the n [ of S-MQW active layer 14 ], and p 
side, respectively. The light guide layer is not illustrated by drawing 4 . The structure of MQB 
layer 16 is the same as the structure of MQB layer 32 shown in drawing 7 . 
[0035]Thus, in the 2nd example, since it applies to the p side from the n side and the thickness 
of the barrier layer is becoming thin gradually, the hole concentration of the well layer located in 
a center section increases as compared with the conventional example of drawing 7 . As a result, 
since the hole concentration of whole S-MQW active layer 14 increases, a profit increases and 
oscillation threshold current falls. Since the thickness of whole S-MQW active layer 14 and the 
thickness of the sum total of the well layers W1-W5 are the same as the conventional example 
of drawing 7, an optical confinement factor becomes almost the same as a conventional example. 

[0036]Although the thickness of the barrier layers b1-b4 is becoming thin gradually in the 2nd 
example, the barrier layer b1 and b2 may be thinly formed in the same thickness, and the barrier 
layer b3 and b4 may be thickly formed in the same thickness. Only the barrier layer b1 may be 
formed thinly, only the barrier layer b4 may be formed thickly, and the barrier layer b3 and b4 
may be formed in the same thickness. 

[0037]Also in the AIGaAs system semiconductor laser device which has multiple quantum well 
structure, since the Al composition in a barrier layer is larger than the Al composition in a well 
layer, Hall mobility mu H in a barrier layer becomes smaller than Hall mobility mu H in a well layer. 

Therefore, this invention is applicable not only to an AIGalnP system semiconductor laser device 
and an InGaAsP system semiconductor laser device but an AIGaAs system semiconductor laser 
device. 
[0038] 

[Effect of the Invention]The hole concentration of the well layer by the side of n is made to 
increase by this invention as mentioned above. 

Therefore, or concentration of the hole poured into the well layer in an active layer can be made 
high, without changing the thickness of the whole active layer, the number of well layers, and the 
thickness of a well layer by adjusting the thickness of a barrier layer. 

Therefore, it becomes possible to make high concentration of the hole poured into the whole 
active layer, maintaining an optical confinement factor, and increase in a profit and reduction of 
threshold current are achieved. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]It is a sectional view showing the structure of the InGaAsP system semiconductor 
laser device in the 1st example of this invention. 

[Drawing 2l lt is an energy band figure of S-MQW active layer in the semiconductor laser device 
of drawing 1 . 

[Drawing 3] It is a figure showing the hole concentration of each well layer in S-MQW active layer 
of drawing 2 as compared with a conventional example. 

[Drawing 4] It is a sectional view showing the structure of the AIGalnP system semiconductor 
laser device in the 2nd example of this invention. 

[Drawing 5]It is an energy band figure of S-MQW active layer and an MQB layer in the 
semiconductor laser device of drawing 4 . 

[Drawing 6l lt is an energy band figure of S-MQW active layer in the conventional InGaAsP 
system semiconductor laser device. 

[Drawing 7] It is an energy band figure of S-MQW active layer in the conventional AIGalnP 

system semiconductor laser device, and an MQB layer. 

[Description of Notations] 

3 S-MQW active layer 

14 S-MQW active layer 

1 6 MQB layer 

W1, W2, W3, and W4 Well layer 
BI, B-2, and B3 Barrier layer 
w1, w2, w3, w4, and w5 Well layer 
b1, b2, b3, and b4 Barrier layer 

Each identical codes in a figure show a same or considerable portion. 
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CORRECTION OR AMENDMENT 



[Kind of official gazette] Printing of amendment by regulation of 2 of Article 1 7 of Patent Law 
[Section classification] The 2nd classification of the part VII gate 
[Publication date]November 22 (2001.11.22), Heisei 13 

[Publication No.]JP,7-297481,A 

[Date of Publication]November 10, Heisei 7 (1995.11.10) 
[Annual volume number] Publication of patent applications 7-2975 
[Application number]Japanese Patent Application No. 6-89854 
[The 7th edition of International Patent Classification] 

H01S 5/30 
[FI] 

H01S 3/18 

[Written amendment] 

[Filing date]April 11, Heisei 13 (2001.4.11) 

[Amendment 1] 

[Document to be Amended]Specification 
[Item(s) to be Amended]0004 
[Method of Amendment]Change 
[Proposed Amendment] 

[0004]As shown in drawing 6, the four well layers W1, W2, W3, W4 and the three barrier layers 
B1, B-2, and B3 are laminated by turns, and S-MQW active layer 30 becomes. The band gap Eg 
consists of InGaAsP which is 0.76 eV f and the well layers W1-W4 have a thickness of 35 A, 
respectively. These well layers W1-W4 have +1.0% of distortion to an InP substrate . On the other 
hand, the band gap Eg consists of InGaAsP which is 1.03 eV, and the barrier layers B1-B3 have 
a thickness of 90 A, respectively. Thereby, the thickness of whole S-MQW active layer 30 is 410 
AThe 1800-A-thick light guide layer is provided in the n [ of this MQW active layer 30 ], and p 
side, respectively. 
[Amendment 2] 

[Document to be Amended]Specification 
[Item(s) to be Amended]0025 
[Method of Amendment]Change 
[Proposed Amendment] 

[0025]The well layers W1-W4 have same 35 A in thickness altogether, and have +1.0% of 
distortion to an InP substrate . On the other hand, as for the thickness of the barrier layer B1, 
the thickness of 90 A and the barrier layer B3 of the thickness of 130 A and barrier layer B-2 is 
50A. The thickness of whole S-MQW active layer 3 is 410 A, and is the same as that of the 
conventional example of drawing 6. The 1800-A-thick light guide layer is provided in the n [ of 
S-MQW active layer 3 ], and p side, respectively. The light guide layer is not illustrated by 
drawing 1. 
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